Histological analyses were performed on the brains of APP V717F transgenic (Tg) mice previously studied in a battery of behavioral tests. We describe here the regional and age-dependent deposition of amyloid in both heterozygous and homozygous Tg mice. We also report that Tg mice show significant and age-dependent changes in synaptic density measured by synaptophysin immunoreactivity. Surprisingly, a rather marked hippocampal atrophy is observed as early as 3 months of age in Tg mice (20-40%). Statistical analyses revealed that the deficits in object recognition memory are related to the number of amyloid deposits in specific brain regions, whereas deficits in spatial reference and working memory are related to the changes in synaptic density and hippocampal atrophy. Our study suggests that the behavioral deficits observed in Tg mice are only in part related to amyloid deposition, but are also related to neuroanatomical alterations secondary to overexpression of the APP V717F transgene and independent of amyloid deposition.
INTRODUCTION
Alzheimer's disease (AD) is characterized by a progressive decline in cognitive abilities in the elderly. A definitive diagnosis of the disease still requires the characteristic clinical features as well as neuropathological confirmation at autopsy. Postmortem histopathological analyses of brain must reveal the characteristic lesions of AD, including senile plaques, neurofibrillary tangles, and neurodegeneration. Various attempts have been made to correlate the presence of these neuropathological hallmarks with the pathogenesis and progression of AD. However, only the extent of synapse or neuronal loss observed in the affected brain regions appears to correlate with the severity of dementia (Blennow et al., 1996; DeKosky et al., 1996; Lassmann et al., 1996; Gomez-Isla et al., 1997) , whereas the respective roles of senile plaques and neurofibrillary tangles remain to be elucidated. In this regard, much work has recently focused on the ''amyloid hypothesis'' of AD pathogenesis, which postulates that abnormal processing of the amyloid precursor protein (APP) to the ␤-amyloid peptide (A␤) and/or reduced clearance of A␤, resulting in the aggregation of A␤ to form senile plaques, is an early and critical event (Selkoe, 1994; Neve & Robakis, 1998) . Recently, the creation of transgenic (Tg) mice which overexpress APP and develop many of the histopathological features of AD has helped to elucidate the progression of the disease as well as the testing of potential therapeutic agents (Games et al., 1995; Hsiao et al., 1996) . Among these Tg mouse strains, APP V717F Tg mice overexpressing a mutated human APP minigene driven by the plateletderived growth factor promoter have been shown to develop age-dependent amyloid deposition, reduced immunoreactivity for the presynaptic marker synaptophysin, and astrocytic activation (Games et al., 1995; Rockenstein et al., 1995) . In a previous study conducted in our laboratory, several cohorts of APP V717F Tg mice have been tested using a battery of memory tests to determine whether they develop learning and memory deficits as well as other behavioral disturbances (Dodart et al., 1997a (Dodart et al., , 1999 . As early as 3 months of age, heterozygous and homozygous Tg mice show robust
